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PREFACE

This report was prepared by the Digital & Optical Process-

i ing Department of the Government Communications Systems Division of

.y e e

Harris Corporation., It documents the results of the technical effort in the
fourth phase of development of a high-rate optical data recorder; the con-
tract title is '"Wideband Holographic Digital Recording and Reproduction

(Phase IV)''. This work was performed between September 1978 and

o it ey LA 1 ¢ TR <SP W e i bmnls ARTD e ot S A

September 1979,

RS

The program manager was W, F. Quinlivan, Jr. The N
System Engineer and Principal Investigator was Dr., C. A, Shuman. The
principal technical contributors to this report are L. M. Ralston and

Dr., C, A. Shuman.

The publication date of this report is October 1979,
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EVALUATION

The vast and varied command and control information available as a result of

the evolution of high data communication and reconnaissance systems will cause’

gross changes in data management techniques.

The technologies exploited under this program offer the ability to
accommodate input/output data transfer rates in excess of one (1) gigabit per
second.

More specifically, the holographic recorder concept has demonstrated the
versatility of accommodating full throughput read, write and expanded time base
(slow down) capabilities of one (1) gigabit, 900 megabits, 600 megabits, 400
megabits and 40 megabits per second user data, digital data handling. Bit Error

Rates of 1 X 10°8

using error correction schemes have been achieved at a packing
density of 3.5 megabits per square inch.

This report culminates several years of RADC involvement in the development
of this technology for unique applications in data handling and data management.
(L08 FEevtuct

ALBERT A. JAMBERDINO
Project Engineer
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SECTION 1

INTRODUCTION

-
.
o

INTRODUCTION

This report documents the technical results of the FOURTH
phase of a multiphase program to advance the state-of-the-art of wideband
digital recording using holographic techniques. In this introductory section
we provide a brief summary of the overall program goals, a synopsis of the
accomplishments of the previous phases of the program, and a description

of the organization of the report.

1,1 Program Goals

The basic objective of the Wideband Recorder (WBR) program
is to develop optical techniques and hardware for the recording and playback
of digital data at rates above 1 Gb/s. This is made necessary by the limita-
tions associated with other, more conventional, data recording techniques.
For exarnpie. much effort has gone into the development of electron-beam,
laser, and magnetic recorders; however, currently reported results indi-
cate that these technologies fall sornewhat short of the rates required for
today's highest-speed information systems. Furthermore, future increases
anticipated in the rates required of high-speed recorders assure that the
slower technologies will continue to require the parallel operation of multiple

recorder units to handle the data rates. For many mission requirements,

1-1
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parallel operation of multiple recorders may be u.ndesir'a.ble due to the
problems associated with re-establishing bit-to-bit time integri y between
machines during playback, Additional negative features of parallel recorder
systems include tighter alignment requirements, diluted volume packing

density capabilities, and machine-to-machine incompatibility of data records.

Optical holographic techniques offer attractive solutions to
all of these problems. Distributed data storage inherent in the optical holo-
graphic format provides simultaneously the relaxed positioning tolerances
needed for practical high-speed mechanisms and the relatively high packing
density required for single recorder support of gigabit per second data

rates, Additional advantages of multichannel holographic recording include

reduced ''bit dropout'' from storage medium defects, relaxed mechanical
tracking accuracy requirements due to holographic shift invariance, in-

creased lifetime of stored data due to noncoatact readout techniques, and

full rate or greatly reduced playback capability resulting from the speed-

independence of optical systems.

To exploit these attractive features of optical holographic

data storage, Harris has undertaken a multi-phase development program
involving experimental and analytical evaluations of the necessary tech-
nologies. This program has included both the design, fabrication, and
testing of a system capable of recording and playback at raw data rates

up to 750 Mb/s, and the investigation of the components and subsystems

1-2
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needed to extend that rate to 1024 Mb/s., The evolution of this system and
the accomplishments of each phase of the development program are detail-

ed in the following paragraph.

1.2 Program History

The Wideband Recorder program at Harris has progressed
since 1971 through a feasibility study contract, Phases I and II (single
contract), Phase 1II, and now the current Phase IV activity. A brief his-

tory of these contract activities is provided here, with a summary overview

presented in Table 1. 2.

On the Feasibility Study for RADC in 1971, Harris performed
breadboard experiments to lixow that one- and two-dimensional digital (on-
off) data patterns could be recorded as Fourier transform holograms on
film with acceptable signal-to-noise ratios (~ 20 dB) in the recovered data
patterns. A l5-faceted pongona.l mirrored scanner was used to x;ecord
and recover one-dimensional hologrames along a scanned path on high-
resolution silver halide film at equivaleat rates above 100 Mb/s. The
positive results of this activity led to a proposed design concept for an
Exploratory Development Model; this proposal resulted in a single coatract
to Harris from RADC for a Phase ] and Phase 1I, calling for 70, 000 hours

of engineering effort.

During the Phase I activity a tradeoff study, with supporting

breadboard experiments with one-and two-dimensional hologram recording

1-3
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approaches, led to the selection of the one-dimensional approach because
of somewhat relaxed mechanical precision requirements and greater
availability of key components (e.g., the photodetector array and the
scanner). The Exploratory Development Model (EDM) of the Wideband
Recorder was then designed, fabricated, assembled, adjusted, and tested,
leading in 1974 to demonstrations of 400 Mb/s recording and 40 Mb/s

readout. Reduced rate recording and readout was also demonstrated.

The Phase II activity commenced imnmediately with the
design of improved opto-mechanical layouts, key components, and control
electronics. All upgrades were then incorporated into the EDM. In 1976
the upgraded EDM was operated at 600 Mb/s (user) record and readout
rates (750 Mb/s total), Yielding 10-6 to 1,0-7 corrected bit-error-rates.

The Phase II EDM was also operable at reduced record and readout rates.

The Phase III activity called for the design of a 900 Mb/s
(user) record and readout WBR system (~ 1.2 Gb/s total) based on the con-
cept proven during Phases ] and II. The original intent of the Phase III
activity was‘to update the Phase II EDM to test all major revisions to key
components and subsystems (especially the film transport and the page
composer). However, before new components and subsystems were
ordered, the customer down-scoped the original contracted effort by about
50%, leaving oaly the design and documentation tasks (no hardware up-

dates with experiments). The main reason for this change in the




customer's position was a reluctance to base an operating system on the
use of silver halide film., Subsequently, RADC funded a study at Harris
to test three specific electrophotographic film alternatives for WBR; this ‘

study program is in progress at the time of this writing.

The Phase IV activity (the program on which this report
has been prepared) grew out of recommendations in the Phase III final
report. The activities described herein for Phase IV were considered to
be essential tests and EDM refinements to complete a base of tradeoff
and design support data for any future prototype WBR system. The refine-
ments are proven and all needed design support data is assembled; we are
now in a position to design, fabricate, and deliver a prototype WBR system

for up to 900 Mb/s record and readout rates.

1,3 Organization of the Report

Beyond this introductory section, this report is divided into
four sections. Section Il provides a description of the Wideband Recorder
system and some of its key technologies. This description ic brief, in
keeping with the scope of the current contract and because this material

has been widely distributed in previous reports. The reader interested in

further description and more detailed analysis of the system's operation is
referred to the Phase II and Phase III final reports (References I and 14),

as well as the data published in the other references.

1-6




Section III contains a fairly comprehensive summary of the
Phase 11l program. The Phase Il final report, which was not widely dis-
tributed, is the source for nearly all of this material, The subsections of
Section III are parallel to the major chapters in the Phase 1II report, and

summarize their contents.

In Section IV we report on the technical results achieved

during the current Phase IV program. Each area of experimental investi-

s

gation is covered in a separate section, and the application of the new

results to the overall system design is discussed.

Finally in Section V we describe some of the important

tradeoffs which must be made when configuring a system for wideband

recording. These are then related to the design choices made during the

Phase III system design, and to some other systems which could be

achieved using the technologies developed on the WBR program. The
section concludes with a description of some of the technology areas in
which further development would rapidly advance the capabilities of

optical data storage systems, and with recommendations for the future.
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SECTION II

SYSTEM ENGINEERING

2,1 The Wideband Recorder System - Introduction
|
2.1.1 System Functional Description '

The fundamental approach to the problem of gigabit/second
digital data recording taken by the Harris Wideband Recorder program
involves the raster-scanning of holographically coded data onto reel-format
photographic film. Figure 2.1.1-1 is a functional representation of the

optical configuration required in this approach, while Figure 2.1.1-2 shows

the actual hardware,

The optical path begins at the laser which provides the co- 1

herent light required for holographic recording. The beam-forming optics
block represents those components that separate the beam into signal and
, reference beams. The signal beam is formed into a line source of light

3 N !
which illuminates a one-dimensional, multichannel page composer, %

3 The formatting of high-rate data into 128 parallel channels,
L and the modulation of the data in those channels onto the optical signal beam

are accomplished by the demultiplexer and the page composer. The de-

multiplexer (the feasibility of which was demonstrated by an earlier pro-

gram) converts the high-rate, serial bit stream to 128 low-rate parallel
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Figure 2.1.1-2, Wideband Holographic Recorder/
Reproducer Hardware
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bit streams. These bit streams are modulated onto RF carriers and sent
to the page composer, which is a linear array of 128 acousto-optic ele-
ments, The electrical energy is converted to acoustic waves within a
glass crystal, so that when the light passes through the crystal, it is modu-

lated by the acoustic waves to produce 128 optical data channels.

The next step is to produce the Fourier transform of the
optical bit pattern at a spatial filter plane, where the reference and signal
beams are brought together. Optical noise is removed at this stage, and
the beam size is adjusted as required. To record the hologram, the light
distribution at the spatial filter plane is imaged to the film by way of a
multifaceted spinning mirror (the scanner). As the film is transported
through the film plane, the beam scans laterally across it, recording rows

of holograms.

After the film is developed, it is replaced in its original
position and is illuminated by the reference beam. The holographically
diffracted data is brought back to the spinning mirror by an "autoscan"
arrangement. The second reflection from the moving mirror, removes
the angular scanning motion so the data can be imaged onto a stationary
detector. After the data is reflected from the moving mirror optical noise
is removed at a second spatial filter plane and the data is imaged onto
individual photodetectors by means of an array of fiber-optic elements

(not shown in the figure).
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Finally, threshold decisions are made on the detected signals
and the resulting binary data is sent to verification circuitry to check the
fidelity of the readout process. Remultiplexing of the data for playback in
a single full-rate bit stream, while not implemented in the Phase 1 system,

would be done at this point.

2.1.2 Data Storage Format

A clearer understanding of the advantages of a holographic
recording system can be gained from a more detailed description of the
format in which the data is stored on the film. Consider first Figure
2.1,2-1, where holographic and direct-spot recording formats are com-
pared. In the spot recorder, the single optical beam is modulated at the
full incoming data rate and then scanned across the film to record spots,
each of which represents one bit of information. The holographic recorder
instead separates the incoming data into a number of channels (at a pro-
portionally slower data rate), and uses a multichannel modulator to
produce multiple modulated optical beams, These beams, along with a
single optical reference beam, are then overlapped at the film to produce
the holograms (interference patterns), each of which represents a number
of bits equal to the number of channels in the modulator array. The ''side
view" of Figure 2.1, 2-2 shows how the overlap and later separation of the
data channels is done. Each signal wave forms an interference pattern

with the reference wave at the film, and each interference pattern has a
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Figure 2,1.2-1. Comparison of Holographic and Direct Spot
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slightly different frequency since the various signal waves are incident

at different angles. Thus, the hologram contains frequencies corresponding
to each data channel that was ''on' when it was recorded. For readout, the
developed film is replaced in the film plane and reilluminated with a copy

of the original referehce wave., The various grating components of the
hologram then diffract some of the reference wave at angles corresponding
to tl';eir frequency. These regenerated signal waves, because of their
angular dispersion, can be separated by the output lens and collected in

the data image plane for detection and processing.

The storage format in which these holograms are recorded
by the Wideband Recorder system is shown in Figure 2.1, 2-3, The
dimensions involved (hologram length, width, etc.) are important trade-
off parameters affecting the system's packing density and bit error rate;
specific trade-offs will be discussed below in Section V. As nominal
values, we may say that the holograms are approximately 1 mm high by
15 um wide, and that the filmm may be 35 or 70 mm wide and up to 3000

feet long (longer if the system design accommodates splices).

Additional details of the recording and readout process, as
well as the specific data formatting and parameter values that were used
in the Phase II system can be found in the Phase II Final Report (Reference

1).
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2.1.3 Acousto-Optic Devices

Acousto-Optic (AO) devices perform several important
functions in the WBR system. These functions include (temporal) modu-
lation, beam splitting, and page composition. The performance of the
page composer, in fact, is so critical to the overall system that a page
composer hgrdware development activity was included in the Phase 1II pro-
gram, and is reported on below in Section III. Because of their importaace
to the system and to understanding its operation, we will now briefly review
the operation of AO devices, and give sorme examples of their application

to the Phase II and (projected) Phase III systems.

An AO device is a block of transparent material (various
types of glass, for example) through which we pass the laser beam that we
want to modulate or deflect. In the crystal, the light beam interacts with
an acoustic wave. Devices used in the WBR system operate in the '""Bragg"
diffraction mode (see Reference 2) which produces two main output beams
as shown in Figure 2.1.3, The undiffracted component has not interacted
with the acoustic wave and is usually discarded, the diffracted compoanent
has interacted with the acoustic wave. Temporal modulation of the acous-
tic wave amplitude can be used to temporally modulate the amplitude of
the diffracted light wave. Frequency modulation of the acoustic wave will
produce an angular scan of the light wave, since the diffraction angle is

proportional to the spatial frequency of the acoustic wave. The acoustic

wave is introduced into the crystal by means of an electromechanical
2-10
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transducer bonded to one face of the crystal which in turn is connected to
an appropriate source of RF electrical energy and associated coatrol cir-

cuits for amplitude or frequency modulation,

Example 1 - Modulation

The transitions in light level which are used to record holo-
grame and guardbands are produced by passing the beam through an AO

modulator (AOM). High-rate recording requires that the rise time associ-

St

_ ated with these transitions be as short as possible. The rise time of a
change in light level produced by an AOM depends on the time required for
the acoustic waves to propogate through the optical beam which can be
minimized by using 2 very small light beam. This is achieved in the main
light-modulating AOM of WBR by focusing the beam inside the AOM (as in

Figure 2. 1. 3).

Example 2 - Beam Splitting

To produce the two beams necessary for holographic record-
ing, the WBR Phase II system used an AO beamsplitter. Since the signal

to this device was constant, rise time considerations were not important. ]

However because the light wave interacts with a moving acoustic wave, a
, Doppler-like frequency shift (equal in magnitude to the RF acoustic fre-
quency) is induced in the diffracted light. Since holographic recording
requires complete coherence between reference and signal wave, this

frequency shift would ordinarily prevent such recording. To solve this
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problem, the WBR system uses the diffracted, frequency-shifted light as

the reference beam, and uses the undiffracted light to illuminate another

AQ device, the page composer., Driven by the same RF source as the beam-
splitter, the page composer iinpartn to the signal beam a frequency shift
identical to that of the reference., Thus, coherence is preserved and‘inter-

f erence can take place,

Example 3 - Modulation/Beamsplitting
The separate AO devices for modulation and beamsplitting

described above worked well in the Phase II system, but the loss associated’

with the devices (each is about 50 percent efficient) was not negligible. An

o T

important simplification car be made to the Phase III system design to !

improve this situation: the use of a single beamsplitter and AO modula-

tor. In this case, the AOM both provides temporal modulation of the
reference beam and frequency-shifts it to correspond to the signal beam's
page-composer-shifted frequency. The passive beam splitter/AOM
combination provides improved light efficiency. Additional discussion of
this new technique will be included in the Phase IV results reported in

Section 1V,

Example 4 - Page Composition

To produce simultaneously many optical channels of data, a

e'. multichannel AO device is needed. The operation of this device is essen- |

tially identical to the modulator described in Example 1 above. The AO

2-13
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page composer used in the WBR system has 128 channels arranged in a
linear array. To minimize signal rise time, the line source of light is
focused through the crystal. Further details of the construction and
performance characteristics of the page composer, including test data of
a new unit built during the Phase III activity, will be found in Sections III

and IV,

2.1.4 Summarx of Key System Features

The fundamental approach and storage format described
above provide several important advantages over other types of digital
data recording systems. These advantages are inherent in the method, and
generally do not depend strongly on the particular system specifications
chosen., We will now list some of the;e features and their impact on the

system design requirements to be discussed in later sections.

e Multichannel Formatting of Data.

By demultiplexing the high-rate data into many pa.ri.llel
channels (current systems use 128), the speed require-
ments of several electrical and mechanical subsystems
are reduced. Examples include film transport and
scanner velocities, and electroaic and acousto-optic

modulation bandwidths,

2-14
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Raster-Scan Recording.
Scanning perpendicularly to the multichannel data

dimension permits distribution of the data across a

wide recording material (e.g., 70 mm {film), further

reducing film transport speed requirements.

Holographically Distributed Information Storage.

Since each bit is represented in the hologram by a
relatively long (currently 1 mm) fringe pattern, small
film defects, which would destroy several direct-spot-
recorded data bits, merely reduce the readout signal
level by a small amount; the probability of ''bit dropout"
is thereby reduced. An additional benefit of distributed
information is that the system which reaccesses the
hologram for data retrieval must accurately position
the hologram with respect to the read beam only to
within a fraction of the relatively large) hologram's

size, rather than a fraction of a single bit location.

1

Holographic Shift Invariance.

In a Fourier-hologtam recording system, the output in
the data image plane (as in Figure 2. 1. ¢-2) does not

shift when the film moves vertically in the film plane.

2-15
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This further reduces the ''tracking accuracy' with which
the film transport must position the hologram relative to

the read beam.

Simultaneous Multichannel Recording.

By recording, and later reproducing, all channels
simultaneously using a single recording medium, the
temporal integrity of the data is automatically main-
tained, eliminating the '‘skew'' problems featured in

some other systems.

One-Dimensional Linear Array.

In addition to permitting the use of well-developed
technologies in data formatting (for recording) and
detection (for readout), the use of a one-dimensional
linear data array can provide a simple method of mak-
ing user-selectable packing density/bit-error-rate (BER
trade-offs, Specifically, hologram width, because it
interacts with few other system parameters, can be
varied over nearly a two to one range to shift emphasis

from low BER to high packing density or vice-versa.

Photographic Recording Medium,

Other storage media may eventually become available

which eliminate the only significant disadvantage of
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film (its processing requirement). Currently, however,

it is the best choice for the WBR system. Once process-

ed, film provides long-term archival storage and immu-
nity to some environmental influences (e.g., shock,-
vibration, moderate temperatures, and magnetic fields)

to which other media may be sensitive.

° Noncontact Read Capability.

In a holographic data storage and retrieval system,

e AW s e R S R TAK At - 5 P

nothing touches the film during readout except the laser
light itself, There are, therefore, no read heads to be
damaged or limited in lifetime; furthermore, the film

can be read out many (i.e., several hundred) times

without significant BER degradation.

. Speed-Independent Signal Level.

Since the readout signal is an optical beam intensity

(as modulated by each hologram), it is not dependent
on the speed of readout. Thus, readout can be done at
either high (i, e., full-record rates and vicinity) or low

(e. g., computer-compatible) speeds.

e High Density Storage,
An additional feature of high-resolution holographic

film is its ability to achieve higher packing densities

2-17




than most other storage media. Packing densities of
nearly 15 Mb per linear inch of 70 mm film are current-

ly being projected.

Machine-to-Machine Data Record Compatibility.

Some recording techniques have recording '"signatures'

or alignments which require readout on the same
machine that did the recording. The reduced tracking
and alignment requirements mentioned above make
absolute (rather than relative) alignment specifications
achievable in a Wideband Holographic Recorder system.
This in turn makes possible the readout of the stored ..
data at remote facilities on machines other than that

used to record it.
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SECTION IU

THE PHASE Il PROGRAM - A SUMMARY

Prog ram Objectives

By the completion of Phase 1I, wideband holographic record-
ing and playback had been successfully demonstrated at user data rates of
600 Mb/s with ;ﬁective information packing densities 5 times greater than
those of high-speed (e.g., 80 Mb/s) magnetic tape recorders and bit-error-
rates better than 1 x 10-6. Detailed technical results of these earlier
phases are documented in report number RADC-TR-77-153, copies of

which may be obtained through the National Technical Information Service

(NTIS).

The THIRD phase of the program, the results of which are
summarized in this section, constituted an 11-month experimental and
analytical investigation into the feasibility of an operational 900 Mb/s
wideband holographic digital recording and reproduction system (with a
BER of 10'6 or better), and a design trade-off study to assess the technical

risk and define the probable performance of such a prototype system.

The major program objectives of Phase III included:
e Advancement of the state-of-the-art technology of

wideband recording and reproduction

3-1
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° Establishment (experimentally and analytically) of the
feasibility of developing a prototype 900 Mb/s recorder/
reader that will meet operational requirements

L) Further development of the technology required to
enable the conceptual de?ign and configuration of a
900 Mb/s prototype system

e Establishment of reliable subsystem/device and com-
ponent/material sources (vendors) for future prototype

procurement.

The accomplishment of these objectives represents a major
step in the development of feasibility-rmodel equipment into operational

hardware, and provides an expanded baseline from which any one of several

viable wideband recorder systems may be configured to match various

operational requirements and scenarios.

3.2 Areas of Investigation

The final report for the Phase III program was divided into

nine chapters, detailing the results of eight separate investigations and an

overall summary. The following subsections of this report are condensed

from the Phase IlI report to provide a full status update on the WBR pro-
gram. The excerpts given here are necessarily abbreviated, therefore
for technical details the interested reader should refer to the original

Phase Il final report,




3.2.1 Autoscan Subsystem

One of the goals of the Phase III activity was to investigate
all areas of the system which would be affected by the wider film format
projected for the follow-on system. The wider format (70 mm as c;:mpared
to Phase II's 35 mm) will reduce both the film transport speed required for
a given data rate and the film length needed for a given record time; some

increase in data packing density will result from the width increase.

The group of components (multifaceted spinning mirror and
transform lenses) known as the Spinner/Autoscan system is crucial to the
wider recording format. The leuases which perform the Fourier transform
and scanning operations must meet a compl;x set of specifications which

interact with the parameters of the spinner unit,

The Phase II system, with its 40-faceted spinner and 80 mm
focal length lenses, provided acceptable performance in terms of most
optical criteria and extensive experience in designing and working with
such a system. A few areas for potential improvement, such as spinner
facet figure repeatability and lens distortion tolerances, were identified

during Phase II, and considered during the Phase III study.

The main area of concern, however, was the need to produce
lens and spinner designs which could satisfy the system specifications

defined by the wider film format and be manufacturable using current
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technologies at an acceptable cost, The purpose of the Spinner/Autoscan

task, then, was to perform trade-off evaluations of candidate spinner/

lens combinations, and to obtain preliminary designs of these two critical

components,

3.2,1.1 Task Organization

Initially the task was divided into four areas:

1.

System Design. This was the initial analytical look at
the family of viable Autoscan systems, from which
several candidates were chosen for more extensive

study.

Lens Design, This included the generation of a detailed
specification for the transform lenses, and a (subcon-
tracted) lens design activity to provide specific design

parameters and feasibility recommendations.

Spinner Design. Similar to the lens design activity the
spinner design was to provide (in coordination with the
Lens Design task) detailed spinner specifications and an
assessment of current manufacturability of such a

spinner unit,

Autoscan Analysis. This was an analytical modeling of

the entire Autoscan system (including all adjustments




LN ST ST

and error sources) to aid in lyltem tolerancing and

provide data for writing a detailed alignment procedure.

Like many of the Phase III program tasks, the Spinner/Auto-
scan activity was affected by the changes in the program requirements/
funding situation. Nevertheless, some significant results were achieved.
Specifically, a set of preliminary lens designs were obtained which appear
to meet all system goals and specifications. The associated spinners are
similar enough to the Phase II unit that their producibility is not vin doubt.
Finally, the Autoscan analysis was completed through the linear-model

stage, with some useful results.

In the following paragraphs we will summarize the results

of this investigation.

3.2.1.2 Task Results

The results of the task, as fully documented in the Phase
1l final report, included: 1) detailed Spinner/Lens Design tradeoff calcu-
lations (including the are;a of telecentricity, duty cycle, field size,
external entrance pupil, field coverage, resolution requirements, aperture
and focal length, spinner size, and spinner scan angle); and 2) computer

matching of candidate spinner/lens sets.

To analyze potential spinner lens pairs, a computer program
was written which produced matching spinner/lens sets for spinners of any

number fo facets. The field size, resolution requirements, and external
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entrance pupil size and distance were the input parameters. Several
spinner/lens pair candidates were developed from the computer program,

and the manufacturability of the most promising pairs was investigated.

The manufacturer of the Phase Il spinner (Speedring
Systems) was contacted for an opinion on the feasibility of the candidate
spinners., They indicated that the 45-facet unit would have to be attempted
on an experimental basis, and the 36-facet and 40-facet units on a best-
effort basis. However they expressed confidence that the 30-facet unit
could be produced with a difficulty factor of only about 1.5 over the 40-

facet Phasge II spinner.

To determine if a corresponding transform lens could be
designed a subcontractor (Optical Research Associates) was requested to
begin lens designs to match the 30, 36, and 40-facet spinners. The
important design considerations here are front and back focal plane

clearances, input aperture, distortion, and wavefront quality.

Ag a result of the detailed design study, ORA, Inc.
recommended one particular successful lens design, which is illustrated

in Figure 3. 2.1, 2; its parameters are tabulated in Table 3. 2,1, 2,
3,2,1.3 Conclusions and Recommendations

As a result of this effort, it was determined that the manu-

facture of the components necessary for an Autoscan Subsystem capable
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Figure 3,2.1.2. Preliminary Lens Design -
Playback Mode, 131 mm EFL
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Table 3. 2.1.2 Design Characteristics of 131 mm EFL, 12°

Characteristic

Focal Length
Wavelength

Froat Focal Plane
Clearance

Vignetting
Glass Type

Record Mode

Input Aperture
Field Angle
Image Size

Image Displacement
dh/dé

Wavefront Quality
Wavefront Slope

Wavefront Parallelism

Playback Mode
Input Aperture
Field Angle
Image Size

Image Displacement

6 Element Design

Goals

131.0mm
514. 5am
>60mm

None
Optional

14mm x 52 mm
+12. 0 degrees
55 mm

£0+0.5%
Constant +2. 0%

+.06 A
.2 A/mm
.13 A

S5 mm x 2mm
111. 3 degrees
69 mm

Counstant +2%

3-8

Design
131.0mm
514. 5am

73.1 mm from leans
~ 60 mm from cell

None

SFé6

14 mm x 52 mm
+12.0 degrees
55 mm

£9 +0. 38%
Coastaat +1. 8%

+.05 A
.10 A/mm
.10 A

55mm x 2 mm
+11.3 degrees
69 mm

Constant +1. 5%




Table 3.2.1.2 Design Characteristics of 131 mm EFL, 12°
6 Element Design

(con't)
Characteristic Goals Design
Wavefront Quality +.03 ) +.01 A ]
Wavefront Slope 1.00 A\/mm .25 A/mm
Wavefront Parallelism L6T A .28 A

% Table 3.2.1.2
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of supporting the use of 70 mm {ilm in the WBR system is feasible. Fur-
thermore, the preliminary design indicates that the performance of the
wide-format system can equal or exceed that of the Phase Il autoscan

system in all areas.

Several areas remain to be investigated which may ultimate-
ly helﬁ reduce the cost and aligament éomplexity of the system. Optical
Research Associates suggested that the recurring lens cost may be
reduced through the use of less expensive optical glasses and/or the

elimination of one of the lens elements at a slight sacrifice in performance.

ORA's work has also shown that a 15° scan lens may be
possible, an unexpected result. This wider scan angle could be used to
reduce the spinner to a 24 faceted design which would significantly reduce
its cost. Alternatively, the increased scan angle could be applied to
achieving a field width beyond the 55 mm value providing some; modest

additional gains in packing density.

Finally, the autoscan analysis (not included in this summary)
has been successful in modeling the system output to first order. It is
recommended that any future effort carry the analysis to completion,
generating fennible mechanical and optical design tolerances for the
readout system, as well as a complete (and very probably simplified)

readout system alignment procedure,
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3.2.2 Film Transport Subsystem

One of the most significant changes in performance speci-
fications contemplated for future systems is the increase in continuous
data recording time from the previous (Phase II) value of about 15 ‘seconds
to a total of around 20 minutes. At a data rate of 900 Mb/s, this means
that the data storage medium must have a capacity of over 1.0 x 1012 bits.
We have seen in the previous section that the film width can be success-
fully increased to 70 mm; nevertheless, a record time of 10 minutes will
require 3000 feet of such film, even at the increased packing density values

achieved during the Phase III study.

At the beginning of the Phase III effort, obtaining a work-
able film transport concept seemed a formidable undertaking. Packing
densities current at that time, combined with incomplete data format infor-
mation, indicated that film lengthe of 12, 000 feet and operational speeds
up to 3.1 meters/second would be required. During the course of the
program, however, increased packing density and new data format infor-
mation reduced these requirements to 3000 feet and 1. 6 meters/second,
putting the system well within the scope of current filtn manufacturiang
and film transporting technologies. Major changes to the Phase II film

transport were still in order, but the task was more tractable,

The Film Transport Subtask, as originally envisioned,

included generation of transport specifications, vendor survey, and
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e

subcontracted fabrication of a deliverable breadboard film transport sub-
system. This would have demonstrated that this key element in the Wide-
band Recorder system was developed to a level appropriate for inclusion
in the projected deliverable prototype (Phase IV) hardware. However,
dﬁring the change in the Phase III program scope which occurred near

the program midpoint, the fabrication task was eliminated.

In this section we will report on the results which this

investigation had achieved at the time it was curtailed.

3.2.2.1 Film Transport Design Considerations

The storage capacity of 2 recording system is usually
related to the surface area of the recording medium. Rapid access to a
large surface area, as is required for high speed or high capacity memory
systems, requires rapid transport of the storage medium past the record/
read station, The current WﬁR requirements make it both a high speed
(900 Mb/s) and high capacity (5 or 10 x 10ll bits) machine, Therefore,
it will require a fairly sophisticated film transport mechanism to move
the storage medium. In this paragraph we provide a summary of some
of the considerations which (based on Phase II experience and future

requirements) are critical to the design of the Film Transport Subsystem.
3.2,2.1.1 Film Dimensions

The film dimensions affect the film transport requirement

in several areas. The reel inertis which is determined by the total mass
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of film that must be transported aad the reel dimensions must be taken
into account when the drive system (motor torque, etc,) i; deligne&;
start/stop time requi.rementl are also affected by the reel inertia, For
long film lengths, the film surface characteristics must be considered in
conjunction with the acceleration requirements to define a radially pro-
grainmed tension profile which will eliminate film slippage during |
acceleration or deceleration, If the start/stop requirements and the
feasible acceleration profiles are not completely in accord, consideration

of slack boxes or other inertial isolation devices will be necessary.

The increased width recommendations generate additional
areas of concern, Film flatness in the focal plane must be maintained
over the operational scan width. Wide films require more than ordinary
care in the edge-guiding and support areas; the controlling parameter is

the film's width to thickness ratio.

Reducing film thickness can help to minimize reel size and
inertia. Thin films, however, require more sophisticated techniques to
ensure adequate lateral tracking performance. Minimization of aerody-

namic effects is also important for thin-base films,

3.2.2.1.2 Transport Speed Requirements

Maintenance of a high film speed once achieved is usually

not difficult; inertia smooths the transport operation in that situation,
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Attaining the required rates within the specified start/stop times, however,
places stringent requirernents on the torquer motors used to drive the

transport; film slack takeup is also important,

In the WBR system, record and readout speeds are required

to be the same, with slower readout speeds also available; thus the dynamic
range of the readout system must be considered., Other operational modes

which may be required for a WBR-type transport system include: rewind

(or fast forward) speeds which may be substantially faster than the actual

record and playback speeds; and hold mode operation, in which zero

i
!
velocity with specified position holding tolerances must be achieved. } ;

3.2.2.1.3 Readout Servo Requirements

To successfully readout the rows of holograms recorded ‘ ]
on the film, the film transport must align each successive row (at the
full readout rate) with the scanning readout reference beam. To do this,
a row of timing marks, recorded on the film during recording, generates 1

a signal which is used to phase-lock the film transport to the spinner N

(which generates the scanning beam). The design of the servo system

which performs this function is critical to the film transport's operation.
~ The allowed tolerance which controls the amount of misalignment between
the scanning beam and the hologram rows, must be as small as possible
to minimize the guardband space needed between rows (and hence increase

data packing density).
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The favorable effect of inertia in smoothing the transport's
operation mentioned above can help achieve the required.lervo precision
at the higher readout speeds. At low speeds, the servo design is generally

more difficult; thus the required dynamic range of the readout system is

an important design consideration,
3.2,2.1.4 Read Head Considerations

The design of the transport as it affects data readout is of
course critical. The film must be maintained in the focal plane of the
scanning lenses to a tolerance which is less than the depth of focus of the
system in order for the read beam to remain small enough at the film to
address the individual holograms. The filmn width over which this flatness
must be maintained is a consideration; the Phase II system achieved
excellent results over a 35 mm film width using a dual-sided air-bearing

platen,

The position of the read bearmn must also be precisely
aligned with the beginning and end of each hologram row; thus, the trans-
port must limit the lateral wander of the film at the read (and record)
station to some minimum. The lateral tracking capability determines the
width of the required over scan, and therefore has a (small) impact on
packing density. A larger consideration is that machine-to-machine

compatibility of the recorded film spools (which is not a feature of other
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types of high-speed recorders) is possible if the lateral tracking tolerances

are held to a minimum,

3.2.2.1.5 Additional Design Considerations

Some other areas are important enough to deserve mention
in this summary, The preservation of film surface quality is crucial to
maintaining a low systern bit-error-rate, Any degradation caused by
the transport's rollers, air platen, or acceleration effects can be damaging;
Phase II experience showed that these can be avoided in a 35 mm WBR
system; effort must go into designing the next transport to provide similar

performance.

Some auxiliary marks must be placed on the film during the
recording process. The sync marks which are used for phase-locked
readout have been mentioned; another auxiliary mark required for almost
any system application is an ID track for locating data blocks or other
subdivisions within the film's length., These and any other required
auxiliary marks must be generated and recorded on the film by the Film
Transport Subsystem. One design consideration is that the sync marker
record station should be as close to the hologram record station as possible
to minimize the effects of filrn dimensional stability tolerances on the data/

sync phasing,

Vibration is a potential problem when a large mass of film

is accelerated. WBR, because its hologram exposure time is so short
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(of the order of 50 ns for the follow-on program), is not as sensitive to
vibration as other holographic systems; nevertheless, good design practice
requires some sort of mechanical isolation between the accelerating film
and the recording station.. This will minimize the stresses on the optical
alignment and laser light source during system operation, thereby
increasing the time between system maintenance and alignment procedures,

etc.

Operational procedures should also be considered in a film
transport's early design phase. Loading and unloading in room-light
environment, bulk film spooling and formatting procedures, film threading
techniques, splicing and splice handling procedures (if required), all

should be included as important design considerations,

Finally the interface and control capabilities and require-
ments of the Film Transport Subsystem must be consideréd, especially
in a fully operational recording system. In all likelihood, such a system
will operate under the control of a preprogrammed microprocessor, and
the transport must therefore be designed to respond to the commands
input to it by the automatic control system, while maintaining its capabil-

ities for manual operation during maintenance, loading, etc,

To conclude this paragraph, it is appropriate to note that

all of the design considerations (potential problems, areas of concern,
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etc. ) described above., as well as a number of others, were successfully '
implemented in the Phase II transport system. And although the film
dimensions were considerably different than those contemplated for the
next system, the experience gained from the Phase II transport greatly

enhances the probability of solving these problems in future systems.

3.2.2.2 Vendor Survey and Selection Procedures
3.2.2.2.1 Introduction

Due to the anticipated system requirements of handling
3000 foot lengths of 70 mm wide film on 2. 5 mil support at 1, 6 meters/
second record and read speed and 3 meters/second slew speed, an entirely
new transport desj.gn was needed. The only part of the existing film trans-
port system that was usable was the air platen, and it was not known how
much improvement could be made in that area. Since many companies
have already done extensive work in film transport design, it was decided

to subcontract the design of the film transport subsystem.,

3.2.2,2.2 Statement of Work

The Statement of Work for the film transport subtask was
written recognizing Harris' limited knowledge of industry's capabilities
in precigion film transports. The task funds appeared sufficient to pur-
chase a complete film transport if one were available off-the-shelf, but

were probably not sufficient to fund development and construction of even
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major subsystems if an advancement in the state-of-the-art were required.

Therefore, the Statement of Work was written to require best effort solu-

tions to those problems requiring specialized knowledge beyond that of

Harris engineering, while keeping in mind the rest of the subsystem

requirements and its relationship to the Wideband Recorder.

The problems

to be addressed in detail were:

1.

Supply and take-up spooling, including servo motor and
drive, winding tension profile, and inertia isolation.

Solution was to include detail design and all calculations.

The capstan drive, including rate and dynamic position
accuracy. Solution was to include detail design, all

calculations, and demonstration of breadboard model,

The film platen. The platen was required to hold the
film flat, at record and playback speeds, without
scratching the film at any speed. Also, the platen
must have several degrees of freedom in adjustment,
easy access for maintenance and modularity to permit
design evolution, The solution was to include detail
design and demonstration of a breadboard model, in

conjunction with the capstan demonstration.




3,2,2.2,3 Vendor Contact and Results

Using inputs from RADC, Harris Purchasing, and Harris
Engineering, a list of possible vendors was developed. After preliminary
telephone conversations with each vendor, a request for a propoeal and an
accompanying Statement of Work was sent to each vendor., Four of the

eight vendors contacted elected to bid to Harris requirements.

The proposals received from the four vendors were quite
similar, generally involving about a dozen pages specifically addressing
the Harris problem. The proposed solutions ranged from barely adequate
to quite competent, and a broad range of related experience (or lack
thereof) was shown, A disappointment is that none of the vendors recog-
nized that the principal problem in the supply and take-up reel servo design
is that the interaction between the winding tension profile and the film inter-
laminar friction limits the acceleration of the reels to a level which will
not cause cinching. This affects everything, including the inertia isolation
devices (slack boxes, etc.). A few weeks after receipt of the first proposal,
Harris received an unsolicited proposal from one of the vendors, offering
to extend the scope of the first proposal to include a breadboard of the
entire film transport. Since the total dollar amount for this extended

effort was still within the Harris budget, the up-scope was accepted.

The Statement of Work and the results of the vendor survey

were presented at the Preliminary Design Review, Criticism was
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expressed about the narrowness of the scope of the effort, even though

three of the four bidders were at the limit of the budget. In addition, .
the mission was more explicitly defined, allowing decreases in cer{:ain of

the specifications, but requiring a full subsystem breadboard as an option.

A re-bidding procedure was then undertaken. The highest bidder was

excused from the bidding while the lowest bidder, who had already bid

a full breadboard to the original specifications, decreased their bid slightly.

The two remaining vendors increased their bids dramatically, Harris i
then presented the low bidder as the only viable choice. At this point the
Phase Iﬁ program was descoped, and all film transport activities were f

terminated,

3,2.2.3 Summary and Conclusions

The change in program funding clearly had a major impact
on this subtask, Since no breadboard film transport was built, this

remains as one of the few WBR subsystems without concrete evidence to

support the feasibility of producing a system which meete future require-

ments,

The increase in packing density and modifications to the

baseline system configuration that took place during the program have

reduced the transport requirements from those specified initially. In
addition, the considerable work done by Harris and the four competing

vendors has (at least) served to produce a fairly firm preliminary design.
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As presently envisioned, the film transport consists of two major
structural elements: the reel assemblies and the capstan/platen assembly,
The capstan/platen assembly is mounted firmly to the optics bench to pre-
serve alignment, while the reel assemblies are isolated to keep vibra-
tion from the reel motors from coupling into the bench. Vacuum columns
with air bearing turn-arounds are also attached to the bench. The cap-
stans are urethane coated with no opposing pinch rollers. The film makes
a 180° angle of wrap around the capstans and then around turn-arounds.
The capstans are differentially driven from a single motor using a taut
mylar belt. The differential action of the belt creates an accurate, cal-
culable tension in the film between the capstans, regardless of the
direction of motion, The platen is a two-sided air bearing platen with a

polished chrome finish and discrete air holes. The reel drive uses direct

e

drive printed circuit motors with fail-safe (spring applied) brakes. The
capstan uses a Type 1l servo with position and velocity loops, and the reel

motors are servoed to sensors in the vacuum columns. A conceptual

illustration of the preliminary transport concept is given in Figure 3,2.2.3

Finally, our recormmmendation is that film transport develop-

ment be emphasized prior to or early in the deliverable system design
activity, Preferably, a subcontracted deliverable breadboard film trans-
port should be obtained and its performance evaluated in terms of the

issues and considerations presented in this section,
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Figure 3.2,2,3, Conceptual Illustration of Film

Transport Subsystem
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3.2,3 AOPC/RF Subsystem

During the Phase 1I program, the technical performance of
the Acousto-Optic Page Composer (AOPC) system (the Page Composer and
its associated RY drive circuitry) was identified as one of the factors limit-
ing overal} system performance. Diffraction efficiency, which impacts
the system light budget, and channel-to-channel crosstalk, which increases
the system's minimum raw bit error rate, were particularly important.
For this reason, the.Pha.se III study included an activity to design/fab/test

an improved AOPC/RF subsystem.

The original program plan called for the production and
testing of an integrated AOPC/RF subsystem, with all specifications
intended to apply to the subsystem as a whole. Changes in program fund-
ing, however, prevented the integration activity from being completed;
this section, therefore, contains separate reports on the fabrication and

testing of the AOPC unit and the RF drive electronics.

As we begin the description of the results of this investi-
gation, we ghould point out that an Acousto-Optic Page Composer is fre-
quently a useful part of other systems (direct-spot recorders, data
processors, array scanners, etc.); thus, the achievements reported
below are of interest to the wide range of optical storage and processing

applications which they can support,
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3.2.3.1 Acousto-Optic Page Composer Investigation

3.2.3.1.1 Design Goals and Specifications

The complete list of design goals and specifications for the
AOPC/RF subtask is documented in Item 6 of the WBR Phase III Project
Work Authorization; an excerpt from that list containing all the key items

applying to the AOPC unit itself is reproduced below.

1. Number of contiguous operating channels 32

2. Transducer size 100 um

3. Center-to-center channel spacings 250 pm

4, Rise Time (10% to 90%) of the optical flux 25 ns maximum with

with 90 m beam size the design goal of

achieving 18 ns
maximum

5. Diffraction efficiency with 200 mW 50% minimum

drive power

6. System crosstalk isolation 20 dB minimum with
design goal of achiev-
ing 30 dB minimum

7. Channel-to-channel deviation (time +1.5 dB maximum
invariant)

8. Optical transmission at 0, 514 m 92% minimum

9. Center frequency nominal 150 MHz

10. Material TeOz

11, Beam position from the transducer 250 um to 600 um
surface

‘ 12. Clear aperture (measured from the 50 to 3000 um

transducer surface)

13, Temperature range (ambient) 23°%¢c + 5°C

14, Thermal interlock range To be specified

15, Expandable number of channels 128 minimum
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The AOPC will be wedged to allow the beam to pass through
the cell without interfering with the circuit board and the mounting fixture,
The mounting fixture will include a detachable RF connector for easy
removal of the AOPC for servicing, and a provision for forced-air cooling

with a thermal sensing mechanism.

3.2,3,1.2 Major Design Considerations

To meet the specifications, the AOPC design must consider
several important parameters. These include the acousto-optic material
and its properties, the transducer dimensions, and the mounting scheme
used to connect the circuit card and drivers to the crystal (which is impor-
tant because of its effect on crosstalk levels). Power dissipation in the
AOPC (and the resultant temperature profile) is important to both the
mechanical design and the optical performance of the unit; therefore, a
thermal analysis was carried out to predict AOPC temperature profiles
and recommend heat sinking techniques. Detailed discussions of these

various design considerations are given in the Phase III report.

3.2.3.1,3 AQPC Fabrication

An AOPC device was fabricated according to the design and
specification details given above, using procedures and techniques which
are fully documented in the Phasge III report. The finished unit, a 32-

channe! TeO2 device, is shown in Figure 3.2.3.1,3, It was designed to
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a. REAR VIEW, SHOWING CONNECTORS, PC CARD
MICROSTRIP LINES, AIR COOLING VALVES

b. OUTPUT VIEW, SHOWING TeO, CRYSTAL, TOROIDAL
IMPEDANCE MATCHING INDUCTORS

Figure 3.2.3.1,3, The Phase III AOPC
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be expandable to 128 channel operation, and to be compatible with the RF

system described in the following paragraph., The performance achieved
by the new AOPC was excellent, exceeding the design goals in the key areas
of risetime, diffraction efficiency, and crosstalk. Performance of the

device is summarized in Table 3,2, 3. 1. 3.

3.2,3,2 RF Drive System Investigation

‘'The RF drive system provides the AOPC with the digitally
modulated RF signals which feed the array of tranaducers (128 in a full
system, 32 for the Phase III study). Its inputs are the digital data for
each channel, the system-generated modulation and timing signals, and

any required master system control signals.

The Phase III RF system design divided the electronics into
four basic modules, shown in block diagram form in Figure 3.2,3.2, They

are:

1. The A module, which contains the master RF oscillator
and the mixers which impcse the system-generated
modulation signals onto the RF signal.

2. The B module, which splits the RF into four mutually-

°, and 270°

orthogonal phases (i, e., 0°, 900, 180
phase angles with respect to the input), to permit

""phase randomization'' of the recorded data.
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TABLE 3.2.3.1.3

T

Comparison of AOPC Specification with AOPC Performance

Specification Desired Goal
10 - 90% 25us 18ns
Rise Time
Crosstalk -20dB -30dB
(8 20 log (/T-8X-1)
Diffraction
Efficiency 50% 50%
(200mW RF)
Chaanel
Uniformity (on +1. 5dB +1.5dB

basis of DE)
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17.97ns (Ave
for 7 channels
with ~ 90, m spot)

-30. 2dB (on the
basis of 4 channels
adjacent to A3

> 609,
@50mw RF

+1. 3dB
or better
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The C modules, which split the RF signals and associ-
ated clock signals into a number of channels (16 for the

Phase III study, 64 for a full system),

4, The D modules, each of which contains two channels for

data modulation and final power amplification; the D

module outputs are the AOPC transducer inputs.

The Phase III subtask plan called for the design, fabrication, and testing

et e o et I & Pt

of the modules required to provide 32 channels of modulated data, with
circuitry and housing designed to permit later expansion of the system to
the full 128 channels. Due to the descope of Phase III, the completion and
testing of the RF system was delayed until Phase IV, and is reported on

below in Section IV,

3,2.4 Photodetection Subsystem

The performance of the detection and threshold electronics
is critical to several key system areas, primarily light budget require-

ments for readout and BER performance. The Phase Il system used fiber-

optic elements to bring the light from each channel in the readout array to

discrete PIN photodiodes. The SNR performance of these devices and the

associated amplification and thresholding circuits was in general accept-

able, though some areas for improvement were identified. The sensitivity

of the detectors, however was a source of concern. By requiring a peak
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light input of 280 nW per detected ''1' bit (for an electrical SNR consistent

with a 10-6 BER), the detectors forced the Phase Il system to operate with

a fairly large power laser: 2 to 4 watts at a wavelength of 514.5 nm. A

laser of this size is both bulky and voracious, requiring tens of kilowatts
of input power, as well as 4 to 6 gallons per minute of water for cooling.
Since these requirements could have a significant negative impact on the
deployability and facilities requirements of the contemplated deliverable
Wideband Recorder systermn, the Phase III activity included investigations
into the availability and characteristics of detector devices, interfacing
techniques, and threshold circuit designs which could provide better

performance and reduced light input requirements.

The investigations undertaken in this subtask fall into three

categories:

1. Photodetector and Filtering. This included a survey of

available devices, selection of appropriate candidates
that offer performance advantages, and signal-to-noise
calculations for various device configurations,
indicating the BER (electrical) performance to be

expected for various light input levels.

2. Thresholding. An evaluation of the '"adaptive threshold"

scheme used in Phase iI was made, and various
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parameter choices and alternative schemes were
considered in terms of potential performance improve-

ments. This investigation was coordinated between the

team concerned with item | above, and the System

Analysis subtask responsible for mathematical system

modeling (the System Analysis results and models are :

T o s

described in Section VIII).

W

Fiber-Optic Interface. The areas considered in this

investigation include the fiber duty cycle (also in

conjunction with the System Analysis results), the

fiber type, interconnect schemes, especially as
influenced by the structure of the most likely candidate
devices identified in item 1, and optical filtering

functions sérVed by the fiber array.

3.2.4.1 Photodetector Evaluation a]

To provide a basis of comparison for evaluating new candi-

date photodetector devices, the first task performed was an analysis of d

the Phase II detector and processing electronics. The results of this
could then be applied to define strictly comparable performance parame-
ters for the new devices. The most significant results obtained are BER

versus input power curves.
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We should emphasize that the calculations assumed ''ideal
optical inputs''. This means that the BER values discussed do not include
major system noise sources described elsewhere in this report, such as
AOPC crosstalk, film surface degradation, and film nonlinearity; even
film grain noise is left out, Thus what we are concerned with here is the
selection of detector devices which can detect ideal inputs with electrical
noise limited BER's well below those at which the full system is designed
to operate. This will assure that the detection electronics subsystem does

not contribute significantly to the overall system error rate.

The result of the evaluation led to data on BER vs. input
power for various devices, part of which is presented in Figure 3.2.3.1
! &2, The device recommended is No. 3 in the first figure; this is

an RCA hybrid device capable of a 10'10 BER at only 5 NW of input power.

3.2.4.2 Thresholding Electronics Investigation

The analog data recovered by the photodetectors must be
thresholded and sampled to make bit decisions, In the Phase II system
several schemes for performing this function were implemented and
evaluated. By far the best performance was obtained with the single-
channel adaptive threshold. The operation of this circuit is described in

detail in the Phase II final report (Reference 1).
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Figure 3,2.3.1-1,

BER as a Function of Average Received Optical
Power for Candidate WBR Avalanche Photodiode
Receivers
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The original plan for the Phase III threshold evaluation

activity was to first obtain comprehensive data and consistent models of
the system's noise characteristics, an effort that was to be coordinated -
between the System Evaluation subtask (which was collecting data on the
Phase Il hardware), the System Analysis subtask (which was mathe-
matically modeling the system), and the Threshold Investigation group.
Then this information would be used to decide on a theoretically optimum
approach to the thresholding process. Asg reported in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>